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I.  SHaURT 

A.  This  quarterly  report  is  submitted  under  Contract  N7onr-l*6208  and 
corera  the  period  1 February  1952  through  30  April  1952. # The  objective  of 
the  contract  is  divided  into  three  phases: 

1.  Synthesis  and  physical  studies  of  near  high-energy  nltro 
confounds  as  potential  explosives. 

2.  Desensitisation  of  RIK  with  materials  which  will  not  lower 
its  oxygen  balance  appreciably. 

3.  Development  of  bomb  and  shell  casings  node  of  an  explosive 

plastic. 

B.  The  more  important  results  and  conclusions  of  the  work  reported 
are  presented  below: 

1.  bis  ( 2 , 2-Dinitropropyl)  nitr  amine  has  been  prepared  by  the 

Hannich  condensation  of  2.2-dinitropropanol  and  aosonium  acetate,  followed  by 
post- nitration.  This  nitr amine,  prepared  independently  by  the  Naval  Ordnance 
Laboratory,  is  being  evaluated  as  a competitor  for  Tetryl  as  a booster 
explosive. 


2.  N,3,3,5»5-Peutanitroplperldlne  has  been  synthesised  by  the 
Hannich  condensation  of  2 ,2  ,U,l*-tetranitro-l  ,5-pentanediol  and  aaennium 
acetate,  followed  by  post- nitration.  This  nitr  amine,  an  analog  of  RDX  in 
which  two  of  the  nitr  ami  no  groups  have  been  replaced  by  two  -dinitro  methylene 
groups*  has  a calculated  ballistic-ostar  value  of  150.5  end  a calculated  leed- 
bloek  value  of  165. 

3.  Dimethyl-U,ti,6,8,6-pentanitro-6-asa-undecanedioate  has  been 
prepared  by  the  Maonich  condensation  of  two  mo  Is  of  methyl  U,!*- dinitro- 5- 
hydraxyvalerate  with  ansonium  acetate,  followed  by  post- nitration.  This 
nitramine  has  been  hydrolysed  to  the  diacid  and  converted  to  the  corresponding 
diacid  chloride  end  diisocyanate. 

U.  3, 3- Dinitro- 1,5- pentane  d ini tr amine  has  bean  synthesized 

Crca  3, 3- dinitro- 1,5- pentane  diamine. 

5.  3,3-Dinitro-l,5-pentane-N,N-dinitro-N,N»-bis(trinitroethyl 

carbamate)  was  prepared  by  the  addition  of  two  mo  Is  of  trinitroethanol  to 
3, 3- dinitro- 1,5- pentane  diisocyanate,  followed  by  post- nitration. 


See  also  Aerojet  Report  No.  512  (1U  June  195'i);  No.  536  (11  SepientUu  1951); 
No.  562  (li*  December  195Dj  No.  585  (13  March  1952). 


Page  1 


CONFIDENTIAL 


I 


Report  Mo*  621 


A 


CONFIDENTIAL 


Sunaary,  B (cont.) 


6.  The  following  compounds  were  prepared  and  submitted  to  the 
Naval  Ordnance  laboratory  for  evaluations  methylene  N .H'-dinitro-N  ,H'_ 
bis(trinitroethyl  carbamate),  3,3-dinitro-l,5-pentane-M,N'-dinitro-M,N*- 

M s (trinitroethyl  carbamate),  bis(2,2-dinitropropyl)  nitramine,  N- nitro- 3,3,3- 
trinitropiopy  1-2,2, 2-trinitroethyl  carbamate,  3, 3-dinitro- 1,5- pentane 
dinitramine , N,3,3,5,5-pantanitropiperldine,  bis  (tr ini tr opr opyl)  urea,  and 
K.nitro-bi»-^rinitxopropyl)urea.  The  preliminary  evaluation  and  the  SPIA  data 
sheets  on  the  first  three  compounds  are  recorded. 

7.  2 , 2-Dinitrobutyl  acrylate  has  been  polymerised  in  bulk  to 
give  an  acetone- soluble  polymer  with  a molecular  weight  of  100,000}  this  value 
is  readily  changed  by  the  addition  of  chain- transfer  agents. 

8.  The  solution  coating  of  RDX  with  fractions  of  poly  2,2- 
dlnitrobutyl  acrylate  of  various  molecular  weights  did  not  give  satisfactory 
desensitization.  The  impact  stabilities  were  not  improved  by  modifying  the 
coating  with  plasticisers.  Kc  correlation  between  the  compatibility  of  the 
components  of  the  coating  mixture  and  the  degree  of  desensitisation  was  observed. 

9.  Tne  emulsion  polymerization  of  2,2-dinitrobutyl  acrylate  in  a 
closed  vessel  gave  an  acetone- soluble  polymer.  Costing  of  RDX  with  this  polymer 
raised  the  impact  stability  to  a value  coaparable  to  that  of  picric  acid  or 
trinitrobenzene . 

II.  TECHNICAL  PROGRESS t STjtTHgSIS  OF  MEM  HIGH  BCPLOSIVBS 

A.  INTRCDOCTICM 

1.  The  present  explosives  program  is  directed  toward  the 
synthesis  of  new,  stable,  high-energy  polynitro  compounds  with  a preferred 
oxygen  balance  on  the  positive  side  or  very  near  zero  on  the  negative  side, 

2.  This  report  deals  with  the  preparation  of  nitramines,  nitro- 
carbamates,  and  nitre urea 3.  The  Mannich  reaction  has  proved  to  be  extremely 
useful  in  the  synthesis  of  nitramines.  Four  new  potential  high  explosives  hare 
been  synthesized. 

B.  PREPARATION  OF  NITRAMINES 

1„  Preparation  of  bls(2.2-Dinitropropyl)  Nitramine 
s.  Discussion 

A study  of  the  Kannich  reaction  far  the  preparation  of 
nitramines  as  potential  explosives  has  been  initiated.  This  is  a general 
reaction  whicn  could  be  applied  to  any  nitro  aicono.l  (1)  prepared  by  the  Henry 
condensation! 
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l°*  „♦  <°! 

R-C  «•  CH20  — — > RC-CH2CH 


H 

(NOj) 


H 

(ho2) 


(I) 


The  nitro  alcohol  (I)  could  then  undergo  a Nannie h condensation  with  ammonia 
or  a primary  amine.  Of  most  interest  to  the  explosives  program  were  the 
compounds  produced  by  the  condensation  of  two  mols  of  the  nitro  alcohol  with 
one  mol  of  ammonia i 


N02 

2RC-CH2CH  ♦ H-N-H 

A A 

(N02) 


HN- 


NOo 

I 2 

CHpC-R 

L t. 

(N02) 

(II) 


This  amine  (II)  could  then  be  nitrated  to  the  corresponding  nitramine  (III): 


HN- 


no2 

CM? — C — R 
H J 
(H02) 
(II) 


HNOi 


4 NO^N- 


nc2 

CHz—Lr 

A j 

(no2) 


(III) 


The  preparation  of  the  high  explosive,  HOT  (IV),  by  this  method  is  an  excel- 
lent example  of  the  usefulness  of  this  technique: 


N02  N02!MU 

N02-^H  ♦ N02y  ♦ 2CH2O 


NO, 


N02 


HN- 


«°2 

ch2c-no2 
L Ao2  j 

hno3 
no2 


i1 


no2n- 


.ch2c-no2 

L "°2  .. 


(IV) 
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One  of  the  deficiencies  of  BOX  is  its  poor  thermal  stability 
tures.  It  mas  believed  that  the  methyl  analog  of  HOI,  NO2N** 


at  higher 

" »2  “ 

!®29-®3l 


(VI). 


although  poorer  in  oxygen  balance,  should  exhibit  a much  higher  thereal  stabil- 
ity. Thus,  with  this  compound  in  view,  the  first  reaction  studied  under  the 
Mannlch  condensation  mas  that  between  2, 2-dinitropropanol  and  issmls.  It  mas 
found  that  by  warming  an  aqueous  solution  of  asm  on  1 11m  acetate  with  2,2-dinitro- 
propanol,  reaction  took  place  readily,  with  the  formation  of  bis (2, 2-dinitropropyl) 
amine  (v)t 


NOo  0 

I * II 

2 CH3C-CH2CH  ♦ JHj10C-CH3 

mo4 


HN- 


NO2 

tsi-CHjI 

L J 

(V) 


This  amine  (V),  a white  ''.'ystalline  solid,  mp  62  to  63°C,  I.S.  >100  cm/2  kg, 
mas  readily  nitrated  with  a mixture  of  acetic  anhydride  and  IQOjL  nitric  acid  at 
5°C  to  bis (2, 2-dlnitropropyl)  nitramlne  (71),  a white  crystalline  compound, 
np  187  to  189°C.  I.S.  - 20  cm/ 2 kgt 


HM 


*0, 

CH2C-CH3 

. io,  1 

(V) 


* HO2N 


y°2 


CH2C.CH31 

L »°2 

(VI) 


J2 


It  mas  later  learned  that  this  nitramlne  had  been  prepared  independently  in  a 
similar  manner  by  the  Naval  Cbrdnance  Laboratory. 

b.  Experimental 

(1)  Preparation  of  bls(2,2-Dinitropropyl)  Amine 

A solution  of  30  g (0.39  mol)  of  ammonium  acetate 
in  $0  ml  of  water  and  30  g (0.20  mol)  of  2 , 2-dinitropropanol  was  placed  in  a 
125- ml  Srlecmeyer  flask.  The  reaction  mixture  was  warmed  on  the  steam  bath  for 
20  min.  On  cooling,  25.U  g (90.W)  of  a cream-colored  solid  separated;  the  mp 
waa  55  to  60°C.  Recrysta  i Uaation  from  methanol  and  water  raised  the  melting 
point  to  62  to  63°C,  I.S.  >100  cm/2  kg. 

(2)  Preparation  cf  bis(2,2-Dinitropropyl)  Nitr amine 

One  hundred  ml  of  100'S  nitric  acid  was  placed  in 
a 300-ml  3-necked  flask,  fitted  with  a mechanical  stirrer  and  tharmooster - 
The  flask  was  cooled  in  »n  icc-l-sth  arid  ICC  ml  of  acetic  anhydride  was  added 
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dropwise,  while  the  temperature  was  maintained  at  5 to  10°C . To  the  solution 
was  added  l.U  g (0.026  mol)  of  bis(2,2-diritropropyl)  amine.  The  solution 
was  stirred  far  U5  min  at  5 to  10°C  and  poured  onto  ice.  The  resulting  white 
solid  was  collected,  washed  with" water,  and  dried.  The  yield  of  bis(2,2> 
dinitroprcrpyl)  nltramins  was  7.5  g (87  .$%),  ap  175  to  lflO°C.  Several  re- 
crystallisations frca  methanol  raised  the  melting  point  to  187  to  189°C, 

I.S.  • 20  aa/2  kg. 

Anal.  Calc'd  for  22.09,  Jffl,  3.09,  *N.  25.77 

Found*  *C.  22.52,  JCH,  3.1U,  *N.  25.77 

Heat  of  Combustion,  AHp,  Predicted*  2600  cal/g 

Found*  2597,  2560  cal/g 

2.  Preparation  of  N.3,3.5.5-Pantanltroplperldlne 
a.  Discussion 


The  Mannich  reactions  of  gem  dlnitro  alcohols  \rith 
glycine  and  ethanolamine  were  investigated  by  Feuar  and  May*  as  a means  of 
obtaining  nitro  monomers  which  would  be  useful  in  the  preparation  of  con- 
densation polymers.  Feuar  and  May  reported  that  the  Mannich  condensation  of 
2, 2- dlnitro- 1,3- propanediol  with  two  mo  la  of  glycine  did  net  yield  the 
expected  3 , 7-dlas*-5 ,5-dinltrononanedioic  acid  (VII),  but  instead,  cyclisation 
occurred  and  L-carbcatymethyl-3 , 3 ,5 ,5-tetranitropiper idine  (DC)  was  obtained: 


?°2 

C-  CH2CH| 


N02 


2NH2CH2C02H  - L [cH^CH^Ojh] 

Ao? 


(FII) 

' N0?  NO? 

V 

H2</  Nfl?® 

XC-C«2*«CH2C02H| 

L no/  \o2 
(Fill) 


N0^  ,N02 


I 

'J' 


K2C 


/ 


c— cs 


V-CK 


V 

/ 


/ \ 

NO?  'N02 


(ix) 


*May.  PhJ).  Thesis,  rurdue  University,  August  1950. 
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II  Technic* 1 Progress,  B (coot.) 


AL 


3-A»*-8-hydroay-5,5,7 ,7-tetranitro-octanoic  acid  (VIII)  wae  postulated  as  the 
intermediate  in  the  reaction.  The  ease  interaediate  would  pres  usably  be  ob- 
tained In  the  reaction  of  2,2,U,l*-tetranitro-l,5-pentanediol  with  glycine,  and. 
as  reported  earlier,*  this  prored  to  be  the  case.  It  was  of  interest  in  the 
explosives  prograa  to  determine  whethor  2,2,U,l*-tetranitr»-l,5-pentanediol 
reacted  in  a similar  warmer  with  amentum  acetate  or  whether  a polynltraaine 
was  formed.  It  was  found  that  the  pronounced  tendency  for  the  formation  of  a 
six-member  ring  takes  precedence  over  the  formation  of  a linear  polymer, 
resulting  In  the  farmtion  of  3,3,5 »$-tetranitropiperidine  (X)  from  the  con- 
densation of  2,2,b,l*-tetranitro-l,S-pentanediol  and  unonium  acetate. 


NO2  NOg 


®2 


HO®2C-®2^®2CU  4 1H|40C0«3 
N02  N02 


V x, 


A 


/ 

i\. 


N02 


1*02  I | *°2 

CHo  . CH? 

(x) 


Ae  isolated  from  the  reaction  mixture,  compound  (X)  is  an  unstable  orange 
solid,  *>  106  to  m^fdeej.  Nitration  of  this  crude  amine  (X)  gave  N, 3, 3,5.5- 
pentanitropiperidine  (XI),  a stable  white  crystalline  solid,  mp  120  to  125°C  (dec.), 
I.S.  • 35  cm/2  kg. 


*4 


ch2 


y 

H 

(I) 


\ 

NO2 

CH2 


loqt  HM03  v 


H°2  /CH2\  «02 

A in 

NOj  N02 

®2  y 0H2 

Xn' 

I 

no2 

(XI) 


Compound  (XI)  is  of  interest  because  it  is  a carbon  analog  of  REX  in  idiich  two 
nltramino  groups  have  been  replaced  by  two  gem  dinitromethylene  groups.  This 
new  nltramine  has  a calculated  ballistic-mortar  value  of  150.5  and  a calculated 
lead- block  value  of  165.2. 


*Aerojet  Report  No.  h99  (16  liarch  1951),  p.  9;  the  same  piperidine  compound  (IX) 
wee  obtained  from  this  reaction. 
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b.  Experimental 

(1)  Preparation  of  3,3,5 ,5-Tetranitroplp«ridine 

A solution  of  U g (0.0$2  nol)  of  aaaonlun  acetate 
in  bO  ml  of  water  and  I4  g (O.OlU  nol)  of  2,2,Li,l>-tetranitro-l,5-pentanedlol 
was  placed  in  a 125-ml  Erlenseyer  flask.  The  solution  was  warned  to  UO  to  50°C 
and  after  several  minutes  an  orange  solid  separated.  The  reaction  mixture  was 
cooled  and  the  orange  solid  was  collected  and  dried  to  give  2.0  g (53.753)  of 
3,3,5,5-tetranitropiperidine,  ap  106  to  112^0 (dec.). 

(2)  Preparation  of  N,3,3,5,5-Pentanitroplperidine 

A solution  of  8 ml  of  100JK  nitric  acid  and  8 ml 
of  acetic  anhydride  was  cooled  to  5°C,  end  0.U  g of  3,3,5,5-tetranitropiperidine 
was  added.  The  solution  was  kept  at  this  temperature  for  10  min  and  poured 
onto  ice.  The  white  solid  was  collected,  washed  with  water,  and  dried  to 
yield  0,3  g of  product,  which  was  recrystal  l'.sed  f»mn  chloroform  to  give  white 
needles,  mp  120  to  l^^tdec.) , I.S.  - 35  cm/2  kg. 

Anal,  Calc'd  for  C^H^Ojo:  *C.  19.36;  *H.  1.95}  *N.  27.10 

Found:  %C,  19.65;  *H,  1.96;  *N,  26.72 

Heat  of  Cos&ustion,  &Hp,  Predicted:  2075  cal/g 

Found:  2085  cal/g 
2056  cal/g 

3.  Preparation  of  Dlnethyl^U.b.8.8-tetranitro-6-a»a- 
undecanedloate 


a. 


Discussion 


In  extending  the  scope  of  the  Maxmich  reaction  for  the 
preparation  of  useful  intermediates  for  the  explosives  and  the  nitro  polymer 
programs,  it  was  found  that  two  do Is  of  methyl  k ,l*-dinitr o-5-hydraxyvalerate 
condensed  with  aononium  acetate  to  form  dimethyl~li,h,8,8-tetranitro-6-aza- 
undecanedioate  (XII): 


NOj 


2CH  3O2CCH  2CH  2<LcH  2CH  4 NHj^QCOCHl » HK- 


N02 


no2 

0*2^— CH2CH2CO2CH3 

L "°2 

(XII) 


-*2 


The  amine  is  a white  crystalline  coepound,  mp  65  to  69°C,  I.S.  >100  cm/2  kg. 
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b.  Experimental 

A solution  of  30,0  g (C.39  nol)  of  aamonlua  acetate  in 
75  al  of  water  and  30.0  g (0.135  mol)  of  methyl  l ,l>-dinitro-5-hydrcxyTalerate 
wee  placed  in  a 250- ml  Brlanmeysr  flask.  The  solution  was  heated  on  the  steam 
bath  for  10  to  15  min.  On  cooling,  a erea^eolored  solid  separated,  which  was 
collected,  washed  with  water,  and  dried.  The  yield  of  dlmethyL-lj,U,8,8- 
totranltro- 6-ass  undecanedloate  was  25. U g (88 ,65),  sp  65  to  69°C,  1,3.  >100 
o^2  kg. 


U.  Preparation  of  Dlmathrl»U.U.6.8.8-paBtanltro-6-a«a- 
iw^lenine^fttTe 


a. 


Discussion 


(xm) 


Dimethyl  U,h, 6. 8, 8-pentanltro-6- as a- undecanedloate 
prepared  by  the  nitration  of  dlnethyl'-b,U,6,8-tetranltro-6-asa- 

(ZH),  using  a mixture  of  acetic  anhydride  and  1005  nitric  acid: 


MO2 

ffl2c-ch2ca2C02ca: 

L ioj 
Cm) 


1005  HB0-,  f°2 

5°c 


‘ *02 

CB2C-CM2CH2CO2CH3 

- ios 

(nn) 


J2 


The  nitramine  is  a white  crystal  lino  compound,  zqp  91  to  92°C,  l.S.  - 100  cm/2  kg. 
b. 


A nitration  mixture  of  150  ml  of  1005  nitric  acid  and 
150  ml  of  acetic  anhydride,  cooled  to  5 to  10°C,  was  charged  with  25. U g 
(0.0598  mol)  of  dimet hyl-U.h, 8. 8- tetranltro-6-e2 a- undecanedloate.  The  solution 
was  stirred  for  35  min  at  5 to  10°C  and  poured  onto  loe.  The  white  solid  was 
collected,  washed  with  water,  and  dried.  The  yield  of  dimsthyl-h,li,6,8,&> 
pectanl tr  0-6-asm- uadeoenedloe to  was  17,6  g (62,75).  ap  87  to  89°C.  I.S.  • 

100  o^/2  kg,  Sereral  recrystallimations  from  carbon  tetrachloride  raised  the 
melting  point  to  91  to  92°C. 

Anal.  Calc'd  for  C^^Ou,*  fC,  30.6U;  3.86,  17.87 

Pound:  %C,  30.92;  'tH,  3.86,  JW,  17. 9U 
5.  Preparation  of  li.li.6.8f8-Pentanltro-6-ata-undecansdioio  Acid 
a.  Discussion 

Dimethyl.ii,ti,6,3,8-pentanitr(>-6-ass-undecanedioate  (XIII) 
w»s  readily  hydrolysed  with  concentrated  hydrochloric  acid  to  U,li,6,8.&-psnta- 
nitro-6-«sa~undecanedioic  acid  (XIV),  a white  crystalline  compound,  np  202  to 
?05°C(dec.). 
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no2 

" NOj 

no2 

Cone.  ^ i 

— ror^11- 

f°2  r 

R- 

CH2^-CH2CH2C02CHj 

CH^-CH^HjCO^ 

_ M°2 

2 

no2 

(XIII)  (XI?) 


b.  Experimental 

A one- liter  Erlenmeyar  fla*k  was  charged  with  85  g 
(0.18  mol)  of  dlia&thyl^li ,li ,6,8 ,3-pentanltro-6-aaa^wndocanedloate  and  500  ml 
of  concentrated  hydrochloric  acid.  The  mixture  waa  heated  on  the  ateaa  bath 
far  1.5  hr.  The  solid  was  collected,  washed  with  water,  aad  recrystallised 
from  methanol  and  water  to  give  50. C g (30.052)  of  U,U,6,8,8»peat*aitro-6-az&~ 
undecan edioic  acid,  mp  202  to  20£°C(dec.). 

Anal.  Calc'd  for  Ch^^O^i  tC,  27.16;  XU.  3.19;  *N,  19.00 

Found:  *C,  27.90;  *H.  3.32;  JW.  18.79 

6.  Preparation  of  U.t:.6,8.8-?«>taalt»ce»6.asa.undeca4»dioyl 
Chloride  ' 


a.  Discussion 

U,U,6,8,8-Pentanitro-6-as*-undecanedloic  acid  (XIV) 
was  converted  to  the  diacid  chloride  (XV)  with  a mixture  of  phosphorous 
oxychloride  and  phosphorous  pentachlorlde. 


NO, 
I 1 

N- 


(XIV)  (XV) 

Compound (XV) , np  152  to  lSS^dec.) , I.S.  • 90  to  100  cm/ 2 kg,  gave  a poor 
nitrogen  and  chlorine  analysis;  another  saqple  will  be  purified  and  submitted 
far  analysis.  The  diacid  chloride  will  be  useful  in  condensation  polymerisa- 
tions. 


N02 

CH2C-CH2CH2CO2H 
L NOo 


P0C1, 


Jins 


NO, 
I 4 

N- 


UO, 


CH^i-CHpCH^OCl 

L 


J2 


b.  Experimental 

A 50-ml  Erlenmeyar  flask  was  charged  with  3.0  g 
(0.0066  mol)  of  b,U,6,8,8-pentanitro-6-aza-undecanedlolc  acid  and  3 rl  of 
phosphorous  oxychloride.  Enough  phosphorous  pentachloride  was  added  to  jive 
a solution  when  the  react  ion.  mixture  was  warmed  on  the  steam  bath.  The 
solution  was  heated  on  the  steam  bath  for  10  min  and  benzene  was  added  to 
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l>reclpltate  2,0  g (61.14)  of  white  solid.  The  product  was  purified  by  dis- 
solving in  phosphorous  oxychloride  and  reproclpltating  with  hexane;  the  np  was 
-i52  to  l55°C(<iec.) , and  I.S.  ■ 90  to  100  cx/2  kg. 

Anal.  Calc  * d for  C1(^12H6012Cl2«  *C,  25.06;  J&l,  2.53;  £N.  17. ?U; 

*C1.  1U.80 

Found:  *C,  25.U3:  <h.  3. CL;  j tit.  19.38; 

ZC1.  13. 8u 

7.  Preparation  of  3.3,5.7,7-Pentanitro.S-aaa-nonane  Piisocyanate 
a.  Discussion 

li,li,6,8,8-Pentanitre-6-as*-undecanedicyl  chloride  (XV) 
was  converted  to  the  diaeide  (XVI),  which  was  decomposed  to  the  corresponding 
diisocyenate  (XVII); 


*°2i 

N- 


1 1 

CH2C-CH0CH2COCII 
- "°2  -i2 

(IV) 


NaW 


ii0'.  r 


3 1 


ft'Oo 

I ‘ 


CHjC-CH^^CNj | 
L W02 
(XVI) 


?°2| 

N- 


?°2 


|CH2C-CH?CH2NC0| 

i_  no2 
(XVII) 


The  diisocyanate  is  a white  crystalline  compound,  np  92  to  95°C(dec.),  and  will 
be  useful  for  condensation  polymerizations  and  as  an  intermediate  in  the 
preparation  of  trinitroethyl  carbamates  for  the  explosives  program. 

b.  Experimental 

A 50G- ml  3-necked  flask,  fitted  with  a mechanical  stirrer 
and  thermometer,  was  charged  with  12.5  g of  crude  U,U,6,8,8-pentanitro»S-aza- 
undecanedloyl  chloride,  150  ml  of  glacial  acetic  acid,  and  10  g of  sodium  azide. 
The  reaction  mixture  was  stirred  for  1 hr  at  15  to  20°C;  no  heat  of  reaction  v/a? 
evident.  Lethylene  chloride,  150  ml,  was  added  and  the  mixture  was  washed  with 
water,  1^  sodium  bicarbonate,  and  water.  The  reethylene  chloride  solution  was 
dried  and  concentrated  in  vacuo  to  give  a white  solid,  rep  80  to  90°C(dec.). 

Dry  chloroform  was  added  to  the  solid  and  the  solution  was  refluxed  for  2 hr, 
with  the  evolution  of  0.5  liter  of  nitrogen  gas.  The  solution  was  concentrated 
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In  vacuo,  leaving  a brow*  solid.  ThepToddct  eas  dissolved  in  dloocan  and 
reprecipitated  with  carbon  tetrachloride.  Rocrystallization  from  chloroform 
gave  a white  crystalline  solid,  np  92  to  95°C(dec.). 

Anal.  Calc'd  for  JtC,  27.53;  *H,  2.77;  *N.  25.69 

Foundt  %C.  28.83;  *H.  3.22;  *N,  25.71 

8.  Preparation  of  3. 3-Dlnltro- 1.5- pentane  Dinitramine 

a.  Discussion 


The  great  contribution  of  the  nitramino  group  to  the 
explosive  power  of  a compound  is  well  illustrated  in  compounds  such  as 
methylene  dinitramine  and  ethylene  dinitramine.  It  ms  of  interest  to  prepare 
similar  d ini tr amino  compounds  containing  additional  nitro  groups,  and  to 
determine  the  physical  properties  and  explosive  power  of  such  compounds. 
Accordingly,  3,3-dinitro-l,5-pentane  dinitramine  was  prepared  according  to 
the  following  equations! 


"°2 

C-  (CH 2(212*2) 2 * (CHjC0)20 

Aoj 

(mn) 


H02  / COCH 

*02  \ H 


(in) 


3, 3-Dinitro- 1,5- pentane  diamine  ms  acetylated  and  nitrated  to  3,3-dinitro- 
H >Nl-dinitro-M,H,-diacetyl-l,5-pentmned;aw1ne  (XU).  Compound  (XIX)  was  very 
readily  hydrolysed  with  ammonium  hydroxide  to  give  3, 3-dinitro- 1,5- pentane 
dinitramine,  a white  crystalline  compound  with  the  surprisingly  low  melting 
point  of  67  to  68°C,  I.S.  ■ 30  to  35  em/2  kg,  calculated  ballistic-mortar 
value  • 1L2,  and  the  calculated  lead-block  value  * 132. 

b.  Experimental 

(1)  Preparation  of  3,3-Dinitro-H .N'-diacety  1-1,5- 
pentanediamine 

Two  hundred  ml  of  acetic  anhydride  ms  slowly 
added  to  a solution  of  121.7  g (0.63  mol)  of  3,3-dinltro-l,5-pentanedlam1ne 
in  250  ml  of  dry  benzene.  The  reaction  mixture  was  warmed  on  the  steam  bath. 
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cooled,  end  filtered.  The  solid  was  triturated  with  wars  water,  cooled,  and 
filtered,  to  give  110  g (62,81)  of  N,N' -diacetyl-3, 3-dinitro-l, 5- pentane- 
diasdne,  ap  157  to  159®C. 

(2)  Preparation  of  3,3-Dinitro-N,N,-dinitro-N,l**- 
diacetyl-1 ,5-pactaned if i ne 

A nitration  mixture  of  250  ml  of  lOOji  nitric  acid 
and  250  ml  of  acetic  anhydride  was  cooled  to  5^0  and  9C.U  g (0.36  mol)  of  3,3- 
dinitro-N,N '-diacetyl-  1,5-pentanediamine  was  added.  The  solution  was  stirred 
for  U0  min  and  poured  onto  ice.  The  cream-colcted  solid  was  collected,  washed 
with  water,  dried,  and  reerystalliznd  from  chloroform  to  give  65.  2 g (£#)  of 
3,3-dlnitro-N,Nt-dlnitro-N,N<-diacetyl>l,5-pentcU<edlaaine,  mp  93  to  96°C, 

I.S.  >100  cm/2  kg.  Two  additional  recrystallizations  fTom  chloroform  raised 
the  melting  point  to  100  to  101°C. 

Anal.  Calc'd  for  C^u^Okj!  %C.  29.51;  3.85;  J».  22.95 

Pound*  *C.  29.84*;  *H.  3.83;  %N,  23.67 

(3)  Preparation  of  3, 3-Dinitro- 1,5- pentane  Dinitrasdne 

Twenty-five  ml  of  281  asnonlum  hydroxide  was  added 
to  10.0  g (0.0027  mol)  of  3, 3- dinitro-H,H'-dinitro-N,N'-diacetyUl,5- pentane- 
diamine.  The  solid  Immediately  dissolved  with  the  evolution  of  heat  to  form  a 
yellow  solution.  The  solution  was  cooled  and  acidified  with  concentrated 
hydrochloric  acid,  causing  a yellow  oil  to  separate.  The  reaction  mixture  was 
extracted  twice  with  ether;  the  ether  extracts  were  combined,  washed  twice  with 
water,  dried,  and  concentrated  to  give  a yellow  oil.  Addition  of  chloroform 
caused  the  oil  to  crystallise  to  a white  solid.  The  product  was  collected  and 
washed  with  methylene  chloride.  The  yield  of  3, 3-dinitro-l, 5-pentane  dinitramine 
was  5.5  g (71.3£),  tap  62  to  65°C.  Two  recrystallisations  from  anhydrous  ether 
raised  the  melting  point  to  67  to  68°C,  I.S.  ■ 30  to  35  cs^2  kg. 

Anal.  Calc'd  for  21.28;  #,  3,57;  J01.  29.79 

Poundt  *C,  21.1*0;  #,  3.72;  t R.  30.1*3 

Heat  of  Combustion,  oHp,  Predicted!  2725  cal/g 

Pound!  2681  cal/g 


C.  PREPARATION  OP  NITRO  CARBAMATES 

1.  Preparation  of  3. 3-Plnltro-l. 5-pentane- bis  (trinitroethyl 

carbaaateT 

a.  Discussion 

Work  on  the  preparation  of  nitro  carbamates  as  potential 
explosives  has  been  continued.  It  has  been  found  that  two  sols  of  trinitroethanol 
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will  add  to  3,3-dinitro-l,5-pentans  diisocyanate  in  the  presence  of  boron 
trifluoride  etherate,  to  give  3, 3-dinitro-l, 5-pentane- bis (trinitroethyl 
carbamate),  a white  crystalline  solid,  mp  5^  to  97°C,  with  an  impact  stability 
of  35  can/ 2 kg. 


M02  _ _ NOoT  H 

I c I I I 

C-(CH2CH2NCO)2  ♦ 2H0CH2C(N02)3 > C-  ICH2CH2NCO2CH2C  (N02)3 

NOj  no2 L 


b.  Experimental 


A one-liter  round-bottom  flask  fitted  with  a condenser 
and  drying  tube  was  charged  with  U3.8  g (0.2  mol)  of  3, 3-dlnitro-l, 5-pentane 
diisocyanate,  72. U g (O.U  nol)  of  trinltroethanol,  U00  ml  of  dry  alcohol- free 
chi  or  of  cm,  and  52  nl  (O.U  nol)  of  baron  trifluoride  etherate.  The  solution 
was  refluxed  for  2U  hr,  cooled,  and  washed  with  four  250- ml  peart  ions  of  water. 
During  the  final  water-washing  a cream-colored  solid  separated  from  the  chloro- 
form solution.  The  product  was  collected,  washed  with  chloroform,  and  dried  to 
give  75  g (61.8$)  of  3,3-dinitro-l,5-pentane-bis(trinitroettyl  carbamate), 

96  to  97°C,  I.S.  - 35  cm/2  kg. 

2.  Preparation  of  3J3-Dinitro-1.5-pentane-N,N<-dinitro-N.Ht- 
Ula (trinitroethyl  carbamate) 

a.  Discussion 


The  nitration  of  3,3-dlnitro-l,5-pentane-bis(trinitro- 
ethyl  carbamate ) with  a mixture  of  100#  nitric  acid  and  acetic  anhydride  at 
5°C  gave  3, 3- dinitro-l,5-pentane-H,N' -dlni tro-bis(  trinitroethyl  carbamate ) . 
The  product  is  s white  crystalline  compound,  np  15 1 to  152°C,  l.S.  • 25  to  30 
cta/2  kg,  oxygen  balance  ■ -9.2,  ballistic  mortar  value  •*  ILO,  end  lead-block 
value  - 165. 


H 

I 


C-  |ffl2CB2llC02CH2C(N02)^2-I^ 


1 10103  y°*f  f2 


c- 
l L_ 
NO2 


CH2CH2NC02GH2C(N02)3 


b.  Experimental 

A nitration  mixture  of  50  ml  of  100#  nitric  acid  and 
50  ml  of  acetic  anhydride  was  cooled  in  an  ice  bath  and  5.0  g of  3,3-dinitro- 
1.5-pentane-bls(trinltroethyl  carbamate)  was  added.  The  reaction  mixture  was 
stirred  for  20  min  and  poured  onto  ice.  The  white  solid  was  collected,  washed 
with  water,  and  dried  to  give  U.9  g of  product,  mp  lU8  to  150°C.  Twn 
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recrystallizations  from  methylene  chloride  raised  the  melting  point  to  15 1 to 
I52°c.  I.S.  - 25  to  30  cm/2  kg. 


Anal.  Calc ' d for  CtiHt 

Founds 


JtC.  18.97;  *H.  1.7U;  *N,  2li.UU 
4C.  19,19;  *H,  1.77;  *N.  23.87 


Heat  of  Combustion,  AHp  Predicted: 

Found: 


178b  cal/g 
1776  cal/g 


D.  PREPARATION  OF  NTIRO  IREAS 

1.  Preparation  of  bis(Trlnltropropyl)  Urea 
a.  Discussion 

Durii^  the  past  quarter  additional  quantities  of 
bis(trinitropropyl)  urea  and  N-nitro-bie(trinitropropyl)  urea*  were  prepared  for 
evaluation  by  the  Naval  Ordnance  Laboratory.  The  starting  material  for  these 
syntheses  was  b,b,U-trlnitrobutyryl  chloride: 


(NO2)jCCH2CH2C0C1 ► O^JjCCHgCH^CNl  » (NOjJ^jCHjNCO 


? 

N-CH2CH2C(N02)3 


+ (N02) 


3CCH2CH2H— C-N-CH2CH2C  (NOj ) 3 


3,3,3-Trinitropropyl  isocyanate  is  a light-yellow  liquid.  However,  in  some  of 
the  preparations  a high-melting  solid  was  obtained  instead  of  this  liquid. 

This  solid  was  thought  to  be  the  cyclic  dimer  or  trimer  of  3,3,3-trinitropropyl 
isocyanate.**  It  has  now  been  shown  that  this  high-melting  solid  is  actually 
the  bls(trinitropropyl)  urea  farmed  as  a result  of  incomplete  drying  of  the 
azide  solution  prior  to  decomposition  to  the  corresponding  isocyanate. 


b.  Experimental 

The  solid  farmed  in  the  preparation  of  3,3,3-trinitro- 
propyl isocyanate  was  recrystallized  from  chloroform  to  give  white  needles,  mp 
170  to  171°C(dec.). 

Anal.  Calc'd  for  C7H1C9I8O13:  %C,  20.30;  *H.  2.U3;  *N,  27.05 

Found:  *C,  20.bb;  *H,  2.35;  *N,  27.0b 
Heat  of  Combustion,  &Hp  Predicted:  2198  cal/g 

Pound:  2l6b  cal/fi 

* Aerojet  Report  No,  589  (13  March  1952),  p.  10. 

**Aarojet  Report  No.  562  (lb  December  1951).  p.  12. 
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E.  PREPARATION  CF  SAMPIES  FOR  EVALUATION  BT  THE  NAVAL  CRUUNCE 

LABCRATCRT 

1.  The  following  Maples  were  prepared  and  submitted  to  Naval 
Ordnance  Laboratory  for  evaluations 

a.  Methylene  N ,N'-dinitro- bis (trinitroethyl  carbamate), 
22.5  g.  112  to  113°C,  I.S.  - 25  to  30  cm/2  kg. 

b.  3, 3-Dinitr  0-1,5- pentane-N,N'-dinitro-H,N' -bis  (trinitro- 
ethyl carbamate),  18.6  g,  ap  151  to  152°C.  I.S.  • 25  to  30  cm/2  kg. 

C.  N-Nitro-3 ,3 , 3- trinitropropyl-  2,2, 2- trinitroethyl 

carbamate,  13.6  g,  96  to  97°C,  I.S.  • 30  ca/2  kg. 

d.  bis(2,2-l)initropropyl)  nitramlne,  21.2  g,  ap  187  to 
1A9°C.  I.S.  - 20  cm/2  kg. 

e.  3, 3-Dinitr o-l, 5-pentane  dinitr amine,  3 g,  ap  65  to 
66«C,  I.S.  • 30  to  35  cm/2  kg. 

f.  N,3,3,5.5-Pentanitropiperidine,  5 g,  np  119  to  12l*°C 
(dec.),  I.S.  - 35  cm/2  kg. 

g.  bia(Trlnitropropyl)  urea,  5 g#  op  167  to  l69°C(dec.), 
I.S.  ■ 60  to  65  cm/2  kg. 

h.  N-Nitro-bis(trinitropropyl)  urea,  5 g.  rp  79  to 
81°C (dec . ) , I.S.  - 30  to  35  cm/2  kg. 

2.  The  conclusions  reached  by  tbe  Naval  CTdnance  laboratory 
with  respect  to  three  of  these  compounds  are  as  follows: 

a.  Methylene  N,N’-Dinitro-N,N' -bis  (trinitroethyl  oar  hamate 

This  compound  is  of  interest  because  of  its  high 
density,  good  thermal  stability,  and  surpxus  of  available  oxygen.  On  the  other 
hand,  it  would  require  extensive  desensitization  for  pressed- charge  applica- 
tions, and  could  probably  never  be  cast  alone  or  in  mixtures  in  which  it  is 
dissolved  when  melted.  Tbe  compound  is  unstable  above  its  melting  point  or 
when  dissolved  in  liquid  TNETB  at  100°C.  Its  compatibility  with  waxes  at 
elevated  tes^eratures  is  being  determined. 

b.  3, 3-Dinitro-l, 5-pentane- N.N'-dinitro-N.N' -bis  (trinitro- 
ethyl carbamate) 

Although  this  compound  is  thermally  stable,  the  density 
is  not  high  enough*  and  the  impact  sensitivity  is  greater  than  that  of  PETN, 

It  is,  therefore,  of  no  interest  at  the  present  time. 
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c.  bis(2, 2-Dinitropropyl)  Nitramlne 

Additional  tests  have  been  performed  on  this  compound, 
pi -pared  both  at  NCL  and  Aerojet.  It  is  being  evaluated  as  a competitor  for 
Tetryl  as  a booster  explosive.  The  tests  reported  in  Table  I were  designed  to 
follow  the  decomposition  rate  at  elevated  temperature.  Tetryl  decomposes 
rapidly  above  its  melting  point  (130°C).  The  stability  shown  for  the  nitramlne 
is  remarkably  good. 

P.  THE  ESTIMATION  OF  EXPLOSIVE  POWER  OF  HIGH  EXPLOSIVES 

A simple  method  for  the  estimation  of  the  explosive  power  of  high 
explosives  has  been  formulated  at  Aerojet.*  Recently,  it  has  come  to  our 
attention  that  similar  work  has  been  performed  b/  Hand  rick  at  the  Arthur  D. 

Little  Co.**  Handrick  calculated  the  force  (the  product  nRT)  for  explosives 
by  using  a value  for  the  explosion  temperature  T ifcich  was  obtained  by  a 
process  of  iteration  rather  than  by  an  approximation}  in  this  way  the  power 
of  an  explosive  was  calculated  to  be  100  times  the  ratio  of  its  force  to  that 
of  TNT.  Close  agreement  was  found  in  nearly  all  cases  between  this  power  and 
the  power  observed  in  the  ballistic  mortar.  These  calculations  confirm  the 
validity  of  the  correlation  between  ballistic  mortar  value  and  force  found  at 
Aerojet.  For  the  survey  purposes  to  which  the  correlation  is  being  applied, 
the  approximate  methods  developed  at  Aerojet  an  sufficiently  accurate, 

ni.  POII  2.2-DJynROBOTTL  ACRYLATE 
A.  INTRODUCTION 

The  previous  quarterly  report***  described  the  polymerization  of 
2,2-dinitrobutyl  acrylate  far  use  in  the  coating  of  RDX  Aron  emulsion  and 
solution.  The  nltro  monomer  was  polymerized  in  esailsion  and  in  bulk,  giving 
an  insoluble  polymer.  When  RDX  was  coated  with  this  nltro  polymer  the  results 
were  unsatisfactory  and  unreproduclble . Impurities  in  the  monomer  probably 
caused  cross-linking,  which  would  result  in  an  insoluble  polymer.  This  problem 
was  investigated,  and  the  2,2-dinltrobutyl  acrylate  was  successfully 
purified.****  Bulk  polymerisation  of  this  new  and  pure  monomer  gave  a high- 
molecular- weight  polymer  which  was  acetone- soluble.  It  was  desirable  to  deter- 
mine the  molecular  weight  of  this  nltro  polymer  and  to  ascertain  the  influence 
of  polymerisation  additives  on  molecular  weight  in  order  to  determine  the  effect 
of  coating  RDX  from  solution  with  representative  polydinltrobutyl  acrylates  of 
various  molecular  weights. 


#AeroJet  Report  No.  512,  p.  8. 

**Q.  R.  Handrick,  "Calculation  of  Power"  in  Arthur  D.  Little,  Inc.  Report 
"Fundamental  Research  on  High  Explosives,"  Abstract  of  Work  Performed  Under 
Contract  DA- 19-020- CRD- 12,  July  19b9  through  October  1950,  p.  27. 

***AercJet  Report  No,  589,  p.  U** 

*"** Aerojet  Report  No.  590,  p,  52. 
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B.  DETERMINATION  OF  MOIECULAR  WEIGHT 

1.  Standardisation  of  Vlsconetric  Molecular  Weights 

a.  The  determination  of  the  Intrinsic  viscosity  of  a 
polymer  from  Its  relative  viscosity  at  various  concentrations  affords  a speedy 
method  for  the  determination  of  molecular  weight . However , the  method  Is  not 
absolute;  Its  use  with  any  polymer  depends  on  standardisation  with  fractions 
of  known  molecular  weights . Dais  standardisation  gives  tbs  ooostants  of  the 
Staudlnger  equation,  which  relates  Intrinsic  viscosity  to  molecular  weight. 
Absolute  values  of  molecular  weight  can  be  determined  by  osmotic  pressure 
measurements . 


b.  Far  purposes  of  standardisation,  several  specimens  of 
polymer  were  made  in  a bulk  process,  using  different  chain* transfer  additives 
and  different  conditions  to  give  a variety  of  molecular  weights.  These 
preparations  are  described  In  Table  II. 

c.  Intrinsic  viscosities  of  these  materials  were  deter- 
mined, as  shown  in  Table  II.  For  the  first  three,  viscosities  were  measured 
in  acetone  solutions  at  several  concentrations,  and  intrinsic  viscosities  were 
derived  by  extrapolation)  for  specimen  dl  a measurement  at  only  one  concentration 
was  made,  and  the  intrinsic  viscosity  was  calculated  from  this  measurement  by  use 
of  the  Baker  equation.  (This  equation  had  previously  been  shown  to  hold 
accurately  for  polydlnitrobutyl  acrylates.) 

d.  Concurrently,  osmotic  pressures  were  measured  with 
Zimm- Hyerson  osmometers.  Molecular  weights  were  determined  at  different  con- 
centrations in  acetone  from  the  equation  nV  - NRT,  with  the  intention  of  extra- 
polating to  zero  concentration,  at  which  this  ideal  relation  is  valid.  However, 
the  calculated  molecular  weights  showed  no  trend  with  concentration)  accordingly, 
they  were  simply  averaged  for  each  polymer.  Molecular  weights,  for  specimens 

a and  b were  obtained  in  this  manner,  as  shown  in  Table  II.  In  spite  of  much 
effort,  tests  on  specimens  c and  dl  nave  so  far  given  very  erratic  results. 
However,  this  work  is  being  continued,  with  the  aim  of  providing  corresponding 
value-  of  intrinsic  viscosity  and  molecular  weight  for  a sufficient  number  of 
fractions  to  establish  firmly  the  constants  of  the  Staudlnger  equation. 

2.  The  Influence  of  Polymerization  Additives  on  Molec"^**  Weight 

a.  To  test  the  effects  of  various  catalysts,  retarders, 
and  chain- transfer  agents  on  dlnitrobutyl  acrylate  polymerisation,  and  to 
ascertain  what  range  of  molecular  weights  can  be  attained,  a series  of  samples 
was  prepared  far  bulk  polymerisation.  Each  sample  contained  5 g of  a standard 
dlnitrobutyl  acrylate.  In  the  various  formulations,  other  free-radical  catalysts 
were  substituted  for  MAXP,  or  this  catalyst  was  supplemented  with  chain- transfer 
agents  and  retarders  (tertiary  dodecyl  mercaptan,  carbon  tetrachloride,  and 
2,2-dinltropropane).  All  samples  were  cured  on  the  same  schedule.  The 
appearance  of  the  reaction  products  is  described  in  Table  III. 
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TABU  II 

HUPA&ATICR  or  POU  ?,2-DHraOK7m.  ACWUT*  ABB 
RILATIOB  or  OTUBSIC  TISC08ITIX3  TO  MOUCULAB  WZIQKTS 


(All  1 

mmtorm 

•ata  Mdi  on  aoatona  aolutlooa  at  25°C) 

fcsaias 

Addltlvaa.  TMBA  Baala 

Cwa 

Praparatlon 

• 

1.0*  HOT  ♦ 1.0*  dadae/l 

5 Aajv  at  IS* c 

(1) 

10  g dlaaolvad  la  5°  al  aoataaa 

— rmptin 

2 dap  at  60°C 

(2) 

Praolpltatad  fr«a  500  al  aatbaaol 
Dlaaobrad  la  25  al  aeatooa 
PTaelpltatad  from  $00  al  aatbaaol 

b 

1.0*  HAXP  « 57*  CClji 

2 daya  at  60°C 

3 tlaaai 

10  g dlaaolvad  la  25  al  aeatoaa 

Praclpltatad  tram  $00  al  aatbaaol 

0 

1.0*  MAD 

2 da/a  at  60°C 

3 tlaaai 

10  g dlaaolvad  la  25  al  aoatoaa 

Praclpltr.tad  from  $00  al  aatbaaol 

di 

1.0*  MAIP 

3 dap  at  I6*C 

(1) 

Ui*b  g dlaaolvad  la  $00  al  aoatona 

3— .3/1*  daya  at  60°C 

Praclpltatad  flroa  750  al  aatbaaol 

1 day  at  85®C 

(2) 

Fpt.  (1)  dlaaolvad  la  500  al 

ITaolaltatad  tram  700  al  aatbaaol 
(b.6  g /laid) 

Sinclun 

Cone.  10<f  ml 

’lr 

W 0— Ur 

J Ararat# 

Cone,  lw  ml  B 1 

a 

1.000 

0.600 

0.200 

1J*17 

1.238 

1.075 

0.365  A 

c 

A 

C 

lJd*2  57.000 

63.000  62.000 

0.A3U  65.000 

62,000 

b 

1.000 

0.600 

0.200 

1.656 
1.366 
I. Ill 

0.535  A 

c 

A 

C 

1.620  78.000  79.000 

7b. 000 

1.108  82.000 

83.000 

A 

0.618  77,000 

0 

1.000 

0.600 

0.203 

1.908 

1.500 

1.1ft 

0.720 

dl 

1.000 

2.305 

OJMT 

*Ca3oulavari  tram  B akar  aquatlaoi 

rO  ■!  cv0-1*-*) 
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b,  Low- molecular- weight  fractions  were  eliminated  Aron 

each  product  by  dissolving  2,5  g (or  one-half  of  the  gel  phase)  in  12  ml  of 
acetone,  and  reprecipitating  the  polymer  from  360  ml  of  methanol  while  stirring 
it  rapidly  in  a Waring  Blendor.  Intrinsic  viscosities  of  the  dried,  re- 
precipitated  polymers  were  determined;  theso  results  are  also  given  in 
Table  II. 


c.  Differences  of  activity  of  the  various  catalysts  are 
reflected  in  the  differences  of  molecular  weight.  Also,  as  would  be  predicted, 
an  increase  in  MAKP  catalyst  ft* am  1 to  causes  an  appreciable  lowering  of 
the  molecular  weight  of  the  product.  Carbon  tetrachloride,  mercaptan,  and 
dinitropropane  all  lower  the  molecular  weight,  as  expected,  and  the  effect 
increases  with  increasing  amounts.  The  range  of  values  of  intrinsic  viscosity 
suggests  the  possibility  of  fixing  the  molecular  weight  anywhere  within  a wide 
range  by  a suitable  oombinatlon  of  additives. 

IV.  DBSBMSITC2ATI ON  OF  RU 

A.  BT  COATING  FROM  SO  LOT  I ON  WITH  POLY  2 , 2-DINITROBOTTL  ACRYLATE  AND 
POLYMER  I-A 

1.  Discussion 

a.  In  desensitizing  RHX  by  applying  a coating  from 
solution,  previous  work  had  shown  the  need  of  a more  effective  coating  and  of 
reducing  the  amount  of  surface-active  agent  used  (UC  of  the  Rill,  in  the  best 
preparations  hitherto).  Polydinitrobutyl  acrylate  seemed  to  hold  promise  as  a 
coating  material  applied  in  this  way.  Accordingly,  a polymer  of  about  100,000 
molecular  weight  was  tested  in  the  process,  using  those  surface-active  agents 
which  previous  experience  had  shown  to  be  best.  However,  even  with  IS  of 
agent,  the  amount  of  desensitisation  achieved  with  5%  of  polymer  was  small. 

b.  On  this  basis,  two  procedures  were  adopted.  First, 
the  introduction  of  plasticisers  into  the  coating  was  investigated.  Second, 
the  application  of  polymers  of  different  molecular  weights  was  studied,  in  the 
hope  that  the  physical  properties  of  a polymer  of  another  molecular  weight 
would  provide  superior  desensltlsatlon. 

c.  Some  compatibility  tests  were  performed  far  guidance 
in  the  choice  of  plasticisers.  It  *a  not  known  how  compatibility  is  related 
to  effectiveness  in  desensitizing  explosives.  The  results  show  that  the 
plasticiser  which  forms  the  most  flexible  compatible  film  with  the  polymer, 
dioctyl  sebacate,  does  not  necessarily  give  the  beat  d« sensitization  (of. 
results  for  dinitropropane).  Since  most  cf  the  surface-active  agent  has  been 
shown  to  be  retained  on  the  RDK  surface,  possibly  the  ternary  system  of 
polymer-plasticizer-agent  should  be  considered.  A number  of  experiments  were 
performed  with  dinitropropane  as  a plasticizer,  in  an  effort  to  obtain  a com* 
patible  film  of  fair  mechanical  properties.  Such  e film  was  obtained  with  the 
formulation  of  polymer/DNP/glyceryl  monoleate,  5/U/2,  but  the  desensitization 
achieved  with  a coating  of  this  composition  was  mediocre. 
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d.  In  this  connection  it  erne  also  noted  that  the  efficacy 
of  plasticiser s appears  to  depend  on  the  surface-active  agents  used.  Thus, 
dinltropropane  appears  to  be  better  than  Emery  diner  acids  with  Span  85*  but 
worse  with  Prosol  307, 


e.  On  the  whole,  no  clear  relation  between  compatibility 
and  desensitisation  has  been  deaonstrated  by  these  few  results  and  none  of  the 
results  seen  good  enough  to  justify  the  further  work  needed  to  establish 
positively  the  presence  or  absence  of  a relation.  Inasmuch  as  all  values  of 
Impact  stability  were  well  below  100  c m/2  kg. 

f . Representative  polydlnitrobutyl  acrylates  of  various 
molecular  weights  were  tested  as  coating  materials.  Impact  stabilities  of  all 
the  products  were  poor,  even  though  10£  polymer  was  used.  In  the  same  f annu- 
let ions,  polymer  I-A  gave  distinctly  better  desensitisation. 

2.  Experimental 

a.  A sample  of  pure  dinitrobutyl  acrylate  was  polymerized 
in  bulk  using  l£  UAKP  catalyst,  and  cured  according  to  the  following  schedule: 

3 days  at  U5°C 
2-3/U  days  at  60% 

1 day  at  85°C 

The  resulting  polymer,  a tough,  amber-colored  mass  including  some  bubbles,  was 
dissolved  in  several  volumes  of  acetone.  The  polymer  was  reprecipitated  by 
slowly  adding  1 volume  of  solution  to  30  volumes  of  methanol,  stirred  rapidly 
in  a Waring  Blendar,  and  the  solvent  was  dried  under  vacuum. 


b.  Viscosity  measurements  led  to  a value  of  intrinsic 
viscosity,  M , of  0.592,  and  the  osmoaetric  molecular  weight  was  approximately 
100,000.  L J 


c.  This  polymer  was  used  for  coating  RDX,  with  the  results 
shown  in  Table  IV.  All  impact  stabilities  reported  here  apply  only  to  the 
"original"  material  (a  friable  crust  or  small  globules)  which  resulted  from  the 
drying  operation. 


d.  The  first  tabulated  values  are  for  the  polymer  alone 
(5£  of  RDX),  using  various  amounts  of  Span  85  as  surface-active  agent.  A 
single  test  of  the  compatibility  of  polymer  and  Span  85  is  also  described. 

e.  The  latter  part  of  the  table  shows  the  results  of 
attempts  to  improve  the  coating  with  various  plasticisers.  (Also  included  are 
a few  data  on  the  plasticization  of  polymer  I-A.)  With  three  of  theae 
materials,  dioctyl  sebacste,  dinltropropane,  and  Emery  dimer  acids,  tests  were 
performed  for  both  compatibility  and  deeensitlzation. 
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V Desensitisation  of  RDX,  A (cont.)  Report  Mo.  621 


f . The  effect  of  adding  a email  amount  of  methocel  (methyl 
cellulose)  was  tested.  This  compound  is  used  at  the  Nsral  Ordnance  Test 
Station,  Inyokern,  as  a dispersing  agent.  Coaqoarisor.  of  the  results  with  those 
obtained  for  the  same  formulations  without  methocel  shows  that  the  iigprovement 
is  negligible! 

1.3. 

Coating  So^tion  cm/2  kg 

0.050  g Poly  DM  BA  in  c ml  35  to  1*0 
StOAc 

0.050  g I-A  in  c ml  StOAc  1*0  to  1*5 


Slurry  Medium,  per  1.00  g RDI 

15  ml  water  ♦ 5 ml  acetone  ♦ 
0.010  g Span  85  + 0.005  g 
methocel 

15  ml  water  ♦ 5 ml  acetone  ♦ 
0.010  g Span  85  ♦ 0.005  g 


g.  To  test  the  relation  of  the  molecular  weight  of  poly- 
dinitrobutyl  acrylate  to  effectiveness  in  desenaitisation,  different  prepara- 
tions , including  an  emulsion  polymerisation  product  and  several  of  the  bulk 
polymers  described  in  Table  II,  were  applied  as  coatings.  To  compensate  for 
the  reduced  amount  of  surface-active  agent  used,  105  of  polymer  (based  on  RDX) 
was  taken  in  each  case.  The  results,  given  in  Table  V,  show  that  none  of  the 
polydinitrobutyl  acrylates  are  particularly  effective  in  desenaitisation.  A 
few  applications  of  polymer  I-A  in  similar  formulations  show  this  polymer  to  be 
distinctly  better. 

B.  BT  COATING  PROM  EMULSION  WITH  POLY  2 , 2-DIN ITROBUTTL  ACRYLATE 
1.  g—^ion  Polymerisation  of  2,2-Dinitrobutyl  Acrylate 
a.  Discussion 

(1)  The  emulsion  polymerisation  of  the  new,  pure  2,2- 
dinitrobutyl  acrylate  was  studied  using  the  same  type  of  recipes  that  were 
employed  in  the  previous  work.  The  polymerisations  were  first  carried  out  on  a 
small  scale  in  test  tubes  and  screw-top  bottles  which  were  rotated  end  over  end 
in  a water  bath  at  1*5°C.  When  55  Nonisol  210  was  used  as  the  emulsifying  agent 
and  0.25  MAKP  as  the  catalyst,  the  polymerisation  took  place  very  slowly  and  in 
poor  yield  (36  to  1*65),  but  the  polymer  that  was  obtained  was  acetone-soluble. 

(2)  In  order  to  conduct  the  work  on  a larger  scale, 
the  remaining  emulsion  polymerisations  were  oarriod  out  in  a three-necked  flask. 
The  flask  was  fitted  with  a mechanical  stirrer  and  the  polymerisation  was  run 
in  a nitrogen  atmosphere.  However,  the  results  obtained  in  this  type  of  vessel 
were  entirely  different  from  those  obtained  using  the  apparatus  described  in 
Paragraph  (1),  above.  In  all  cases  the  nitro  polymer  obtained  was  acetone- 
insoluble;  the  reason  for  this  is  not  yet  apparent.  Further  studies  will  be 
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TAblZ  7 

EFBCT  OF  M0I2CU1AR  WSKHT  OF  POLT  2 , 2-DDfnROBDTTL  ACRYLATE 

CM  RDI  OBSENSITIZATICN 

(In  all  preparations,  slurry  consists  of  1.00  g R2S  in  15  *1  water  ♦ 5 ml 
acetone  ♦ surface- active  agent;  coating  solution  contains  0.10  g polymer 
in  2 ml  etlyl  acetate) 


Surface-Active  Agent 

Polymer 

Insect  Stability 

W2kl 

0.01*0  g Span  85 

Kaulslon  Poly  OHM 

30  to  35 

0.0i*0  g Span  85 

Mails  ion  Poly  OHM 
(coating  temp.  - 60°C) 

55  to  60 

0.010  g Span  85 

Baulsion  Poly  OHM 

1*5  to  50 

0.010  g Span  85 

Emulsion  Poly  ONM 
(coating  te^>.  » 60°C) 

35  to  1*0 

0.010  g glyceryl  mono 

oleate 

Poly  OHM,  ft)  • 0.230 

55  to  60 

0.010  g glyceryl  aono 

oleate 

Poly  OHM,  ft)  - 0.362 

35  to  1*0 

0.010  g glyceryl  mono 

oleate 

Poly  OHM,  00  • 0.1*56 

35  to  1*0 

0.010  g glyceryl  aono 
oleate 

Poly  DNM.  ft)  - 0.558 

55  to  60 

0.010  g glyceryl  mono 
oleate 

Poly  ONM 

(not  reprecipitated)* 

1*0  to  1*5 

0.010  g Span  85 

UA 

65  to  70 

0.010  g glyceryl  aono 

oleate 

UA 

t*o  to  1*5 

0.010  g Prosol  307 

L»A 

60  to  65 

* [?]  • 0.275  after  repreclpltatlon. 
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Md«  to  prepare  a soluble  polymer.  The  preparation  of  Monisol  210  and  MAKP  in 
the  flask  see  not  satisfactory,  as  poor  emulsions  were  obtained.  When  7,55 
Tween  U0  and  15  (yB|4)2S2°8  were  used  at  U5°C.  good  emulsions  containing  68  .W 
polymer  (N-261)  ware  obtained  in  1«8  hr.  The  addition  of  additives  such  as 
2 , 2-dinitr opropane , lecithin,  and  Cft-39  (cross-linking  agent)  caused  a decrease 
in  the  rate  of  polymerisation. 

b.  Experimental 

The  experimental  results  are  sumrised  in  Table  71. 

2.  Coating  of  R Iff 
a.  Discussion 

I:.  the  costing  of  BOX  with  the  collision  of  poly  2,2- 
dinitrobutyl  acrylate,  three  significant  factors  emerged! 

(1)  The  coated  samples  of  Riff  with  the  highest  impact 
stability  were  obtained  from  the  emulsion  containing  the  acetone- soluble 
polymer  (H-2$2-I  and  R-252-J) . 

(2)  It  was  found  that  it  was  not  necessary  in  many 
cases  to  add  methanol  to  precipitate  the  polymer  from  the  mmil eloo  onto  the  Riff. 
Apparently,  the  mare  mixing  of  the  aqueous  slurry  of  RDS,  Span  85,  and  the 
emulsion,  causes  the  polymer  to  precipitate  from  the  emulsion  onto  the  Riff. 

(3)  It  was  shown  that  Riff  could  be  coated  with  less 
than  the  2.55  Span  85  which  has  normally  been  employed.  Thus,  using  5 5 2,2- 
dinitrobutyi  acrylate  and  0.5  to  2.55  Span  85,  coated  samples  of  Riff  were  oh* 
talned  which  had  an  ljpact  stability  of  >100  cm/2  kg  (Riff  - 3U)  • In  order  to 
bring  these  values  down  to  e measurable  range,  the  determine t ions  of  ispact 
stabilities  were  repeated  by  placing  the  samples  on  5/0  sand  paper.  The  coated 
RDZ  sa files  then  had  an  impact  stability  cf  about  30  to  35  cm/2  kg  as  eoapared 
with  Riff  « 28,  picric  acid  * 35,  trinitrobensane  • 30  to  35,  TNT  • 67,  and 
exposition  A - 50  to  55.  The  samples  were  pressed  at  15.000  pel  ami  the  iapact 
stabilities  were  lowered,  from  >100,  to  70  to  100  cm/2  kg.  The  Riff  coated  with 
the  insoluble  nitro  polymer  gave  low  inpact  stabilities,  from  30  to  100  cm/2  kg. 
The  addition  of  l£  of  plasticisers  such  as  2, 2-dlnltr  opropane,  dioctyl  sebacate, 
and  Emery  dinar  so  ids  during  the  coating  process  did  not  serve  to  Increase  the 
impact  stability. 


b.  Experimental 

(1)  Precipitation  Using  Solvent 

' ppraxlmetely  100  ml  of  water  was  placed  in  a 
500- ml  resin  pot,  fi.  ted  with  a machaiical  stirrer,  and  the  2,2-dinltrobutyl 
acrylate  emulsion  was  weighed  Into  the  pot  by  difference.  Knowing  the 
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concentration  of  the  emulsion,  the  amount  of  2 , 2-dinitrobutyl  acrylate  that  had 
been  wiled  could  then  be  calculated.  The  Span  85  wan  weighed  into  the  pot  by 
difference,  stirring  was  started,  and  the  calculated  amount  of  RDX  was  added 
through  a powder  funnel.  The  slurry  was  stirred  far  10  min  and  an  equal 
▼oluae  of  methanol  was  added.  The  mixture  was  stirred  for  an  additional  two 
minutes  ar*J  filtered.  The  coated  RDX  was  washed  with  methanol  and  dried  in  vacuo. 

U'  Solvent  Precipitation  Without  the  Use  of  Solvent 

This  procedure  was  Identical  with  that  described 
above,  except  that  no  methanol  was  added  to  the  reaction  mixture.  The  coated 
RDX  was  washed  with  water  and  dried  in  vacuo  over  potassium  hydroxide  for  2li  hr. 
The  experimental  results  are  summarized  in  Table  VII „ 
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Uadar  coynkabllltr  a*  ar*  conaldarln*  th*  ability  of  tao  ceapound*  to  ba  In  intlaata  contact  (Rota 
03H>  p,  >1-2})  or#r  a Ion#  par  lad  or  tin*  althout  •dear**  affae*  a on  althar  th*  ehaaleal  or  phyaleal 
nraoartlaa  ot  althar  aatarlal.  Thaaa  taata  *111  probably  ba  of  «arl*d  axtaot.  itay  alffct  ba  aaa*  of 
th*  follealafi  (a'  Standard  atablllty  taata.  (b)  Slnol*  Ob  a*  rant  Iona  of  *xndatloa  or  a*paratl  on  at 
aahlaat  or  accelerated  tanoaratnra.  (a)  fra  para  thin  abaata  (.03$*  thick,  1*  aooara)  of  th*  pi*  a tic  land 
aatarlal.  Separata  th*  ahaata  *lth  atrlts  of  clparatt*  paper  or  carbon  pap*r  and  aonproa*  tha  ataak  la 
a "TC*  oi>r*»,  After  a* rare  1 day*  aota  tha  oily  collection  on  th*  oapar.  flaaa*  ft**  r*f*r*ne*  to  or 
daaorlb*  procedure  us  ad.  7 tea  79  la  to  Indleat*  raaulta  *h*n  th*  coaoound  la  In  contact  altb  a ana  notari- 
al ot'.wC  than  *thy  1 calluloaa,  nltrocclluloa*  or  rubber. 


iS.  Compatabtllty  with  athyl  calluloaa: 


M.  Compatibility  with  nttrocallulosa: 


ST.  Compatablllty  with  rubbar. 


IS.  CompatabUlty  with 


90. 


Potymartslaf  propartiaa  of  tha  naw  compound: 

(a)  By  ItsaU  

(b)  la  mlaturoi  f»ith  addltl***) 

(c)  laMbltlH  actloa  ao  polymarlntion  cf: 

Thlokol 

Matbacryiata 

Otbar  compounds  


Availability 

a.  Amount  bow  availabla?  _ 

b.  Wbaa  waa  arallabla  material  first  prapar 

e.  Amount  praparad  at  that  tlma? 

d.  la  larga  prodaetloa  faaslbla?  

a.  Plant  capacity  la  axlstsnca,  lba/dayt 

f.  Outllaa  a tap*  for  a quantity  production  matbod 


Reaaarch  m» 

t praparad? 


91.  Additional  Information:  (tanlelty,  haaafft,  deterioration,  oatygaa  balaaoa,  detonation  rata,  arplaal** 

slt  itaa'ns  **•  “•*  ■»,w  *° 

— " um*- phi  uuiyi'wnii.  wiui  ggggggg  rrm  ■ltiag  it  95  to 
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COMPOUNDS  FOR  USE  AS  INGREDIENTS  OF  PROPELLANTS 


AMD  OTHBR  EXPLOSIVES 


U«M  toltv  in  U*  okutoWriiUei  Altk  aro  tolitfii  !•  W *f 

s&c 

M la  Ml 


sag*: 

IffUll  ! 
imUtt 


Hftla  A 


It  hnIi  far 


U Uw 


t 


Btrvetarc  (eMfl««natl  «• 


L »°2  J2 

Pnpuiboa  raaetka(*): 


.'JTT^TTl 


Acttrttr  Atfo 


L*  J9  TITT-.  1 


2GH3c0iO2)2Ca?GH  ♦ EH^OCOCHj 

■ru 


i \zita  Ll?a>  ntifi  i 


1.  Qmtittw  aaalyalaKf  by  Nipt) 

Car  boa 

Calculated  (root  lor— to  22.09 
My  (teteratea ttea  22.52 


*•  Dorrlas  pcparttelt— n<  ta  nltraaaUalaaa,  uafer  aitr—s  at  ataaapfcarlc 
*.  SteMtoty  mad  — lltrltr  Flat 


ttey  aij 


^aary.) 


ijteKiJvrsin. 


IT.' 


■FK*A*m>1*KfM7T7 


<’rW. T/1P  Kv«*)nK*7t 1 


1 

i ry^^T^TTr^iiT*" 

(•  wirz’m+i'i 


4.  Boat  of  for— ttaK  (aD  ♦ ^ Kg.  ca  lor  tea  at  1 ataa.  piiwa 

(NOTEt  Sa^lo  tort  ad  by  NOT.  war  roerystalUiiod  bofcro  torts) 
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8PU./HS 


By  experiment 


By  Calculation 


ft. 


Energy  of  explosion  (O) 

Tet  o0**.  HyO  liculdj 


ft.  Boat  of  combustion  (H»)  2$60.  2597 
(at  2?or.  ga0  liquid!  

7.  Specific  Impulse  (Isp)  calc.  


cal/gm 

cal/gm 


2600 


Ib-eec/lb 


Method 

SMri|t|p  #r  »/• 


Aerojet  Bag.  Carp, 

Report  loTw 


I.  Physical  form  of  c 


(nscoui  liquid,  crystalline  tyoe,  etc.)  White.  tehilr"  crjetala 


ft.  Simple  microscope  analysis  data: 

(crystal  studies) 

10.  DensityiSsere  eethod)  sm/cm3,  (Mere  or  other  eethod)  gm/emft. 

(NOL)  tsarelsln  on  separate  sheet  any  unique  Methods  you  use.) 

11.  Index  at  refractlaac  (a I5*6* ) IS.  Color  White IS.  Odor  None 


14.  pH  at  IftTC.  7.1 

solvent  sod  eonoa 


(Bathed  refer* oca  CUB  3401 
otrs time  used,  pfl  lndlostor  seosr  < 


o.4,  or  08®  596*.  IiwUoste  arthod  need,  l.e. 
tn  J*  ester.)  With  BBClMBn 
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>1.  F rousing  point  t».  Tim*  Currr  (Flees#  aark  the  eoordlnrtea  elth 

under  study.) 
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ipiaah 


seal#  uIun  that  apply  to  the 


22.  Solubility  a I mw  compound: 

^0*1  g/100  ml  HyO  at  tiX. 

5.5  */ioo  ml  jgrtSM. 

(bum  MUriftl  utid 

<0.1  g/100  ml  tolaaoe 

(ana  aotarUl  used- 

IS.  Vlscailt7  of  lb.  sow  compound  and  Ita  aoluttons 


g/100  ml  HjO  at 


NEW  COMPOUND 

*t.  t 

la  solatlan 


SOLVENT 


Inl&ltlm 


vBCoemr  at  temp. 

Caatlaalaaa  K. 


Ability  to 


PlT.j 


Linf  »L’i  n 


lao  nltrocallnloar  *bf  _i ty  to  plaatlelaa  la  ta  ba  a general  aaanary  or  tba  raaulta  af 
y of  tba  c nun  nun*  under  study  abau  it  la  In  an  latlnata  alrture  eltb 
nltroealluloaa.  For  euenple,  asks  a alrturw  by  thorough  nrtaaslaa  ulxlaf  and  roll  Inc,  using  *0g  by  at. 
of  the  im  eoupound  an**  60 g by  at.  of  the  standard  IX.  Use  as  standard  IX.  a bland  baaing  13.1SS 
nitrogen  and  )0-50  pels#  alaeoalty  data  rained  by  tba  oanllUry  tube  aetbod,  at  25dC.,  on  a ulxinra  a t 
lOg  IX,,  lOg  ethyl  alcohol  and  dOg  acetone,  by  at.  a bleb  baa  bean  aired  by  24  hours  rolling  in  a sal  table 
aontalnar.  I tana  to  ocmlnr  raprlUg  nee  oonpaund  nlgM  Inelndei  Its  eobdlllty,  affects  an  tba 
nlxtura  by  aga,  boat,  light,  ana  moisture.  Does  It  separata  or  avyatalllsat  baas  It  fan  bubbles  by 
daompoaltlanf  boas  tba  nlxtura  shrink  an  atsidli*T  baas  tba  aanpaund  affUat  flexibility  or  pliability 
at  tba  altrooelluloesT 
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•PU/IO 


Qatar  BMW  lability  ee  in  eonoltarlaf  the  ability  of  two  eaapoaata  to  bo  in  intlaeU  eastect  (beta 
-IdKS  ?7J*  p.  ll>n]  o»r  a loop  peeled  of  tlaa  altboat  ataarea  offaata  on  either  the  ebeoleel  or  phyalaal 
presort lea  a t either  aeterlal.  Three  toata  alii  probably  be  a f varied  art eat.  Tbay  might  bo  aaaa  of 
the  foUaalmQi  (a)  Steatard  a tab)  15  tv  toata.  (b)  llnla  abaaraatloma  of  e rotation  or  aa  pa  rat  5 oo  at 
eableat  or  accelerated  temperature.  (a)  fra  para  thin  ebaata  (.095*  thick,  1"  aqua  re)  a t the  pleetlelaed 
material.  Separate  the  eheete  alth  rtrloa  of  el  me  rat  to  paper  or  carbarn  paper  ead  « cm  pro  a » the  a teak  la 
a *T«  a lamp.  After  aeaaral  tays  mate  the  oily  eoUeatleo  on  the  on  par.  Plaaae  give  rafaraooe  to  or 
depart  be  erooetaro  meed.  Item  M la  to  led  loot#  reaulta  a hen  the  command  la  In  can  toot  altb  aaaa  neteri- 
al  other  than  ethyl  cellulose,  nitrocellulose  or  rubber. 


18.  Compatibility  with  ethyl  retlaloae: 


M.  Coma  pa  lability  with  nitrocellulose: 


It.  Coaapatabtllty  with  rabbar. 


It.  Coma  pa  lability  with 


10.  Availability 

a.  Amom?  aov  available?  . Reeeeroh  quant it ie# 

b.  Wbea  eat  available  aaatertal  flret  prepared? 

e.  Amount  prepared  at  that  time?  • 

d.  la  karpe  pradactloa  feasible?  

e.  Ptaal  capacity  la  ewlataaro,  fce/day? 

f.  Oatllae  etepe  for  a qaaattty  prodactlaa  method 


81. 


bale  ace,  tatoaatl 
it  data  baaha. 


aa  rata,  arplaalva 
ate.  that  refer  to  the 
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teta  Qoaati  ennlrs  as 

COMPOUNDS  FOR  USE  AS  INGREDIENTS  OF  PROPELLANTS  AND  OTHER  EXPLOSIVES 


U*i»4  bain  u«  Ua  akaiMbatlaUoa  Alak  aia  ballnai  ta  ba  tf 


1*  tk* 


7 ^ Ft  .1 

1 iji  . H 

y 

33 

an 

ItrKtWK  (eaaflyuratlce 


Actirtty  Ago 


Psrsae  H.B.  FT  MU 

dm*  JO  April  5 


,°2???°2?  f?02  IK*  °** 

!_  C-G-N b-0-^-G-H02  i [CH2CH2NCo’]  ♦ 2H0CH2C(M02)3 

I02LHH  H MO2  J 2 MOg  L 2 


iCH2®2*l-C02ca2c  (*02)3! 


Preparation  rsactlOB<s): 


I.  Quaatttattvs  aaalystc<f  by  Might) 

Car  bo* 

Cakvlatod  (roa  foTMte  18.97 
By  esterntaatla*  19. 19 


rM  ba  BltrawUiloia,  under  nl lraf«a  at  ataaat*arlc  praaa 


9.  Stability  ud  Ssnattistty:  Ms*  a ay  grep*e 

aapanto  a Mat 


of  test 


Msmm  Mtfeada  used  a baa  they  nrj 
fra*  rafaraaeaa.  Claa  tea  pa  re  tar.  1 
(9m  separata  sheet  If  aaaaaaary.) 


b.  Tbsraal  Stability  OSRZ 

c.  Vscvaaa  Stability  NOL  OBI 

I Tsaapsraters  of  Eaploaio*  OSRI 

a.  T ssaps raters  of  jgalttna  NOL  (M 

aaBHRay  * g-w 

II  


OSRD  9401  M 


08RD9401  put 


senal 


rla  32 


Tstryl,  9.C.,  ats.) 


teat  rsoalta 


12.3  aa 


4.  Hast  of 


(Ag  - 


Ec.  cAloris*  at  1ST.,  1 it*u 


per  Bol 
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By  KipirloMet 


By  Calculation 


«.  Hnt  of  eosafcustiea  (H-)  17 
<•*  J5«\  ijO  u<nii) 

T.  Specific  Impel**  (i-^  calc 


cal/gM. 


B»-see/* 


Method 

w N(« 

— » — - a if 

hmvv  a v 


Anrolst 


(rlseaua  llnuld,  crystalline  tjw,  ate. ) 


0.  Simple  microscope  analysis  data:  

(crystal  studies) 

10.  Densltyiteero  netted)  l«I§^n/cs^. 


{■lore  or  otter  netted)  

MpiMto  oteot  any  talqw  nathoda  J 

IX.  Color  Wilts  IS.  < 


10.  Host  at  Fusions 


a aft  a 

*24  V. 


» 

I 
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S3.  Solubility  of  M*  & 


t/100  ml  HfO  at  nX. 

_ g/100  ml ml 

Imm  mtmr! 

f/100  ml  to 


t/100  ml  l|0  At 


IS.  Vl-roalty  at  tte  m*  eompouad  ud 

HEW  COMPOUND 

•».  t 

la  Hlitla  MUM 


00 


SOLVENT 


TMCOMTT  at  TEMP. 
Caatlaoteoa  K. 


■ *i  me 


Ability  to  plaatlolaa  Jo  to  bo  a yoaarol  oMory  of  tbo  rmllo  o t 
T or  tbo  enanwoiJ  tartar  otady  oboa  It  la  la  aa  latlaato  aiitoa  »1U 
aitrooollalo**.  *«r  aaoplo,  aako  a alxtaro  by  tbaroaab  oxtoaaloo  atiiat  tad  rolllag,  aalag  AOS  by  ot. 
of  tbo  aoa  ooaaooad  om*  60g  by  ot.  of  tbo  standard  M.  Oao  aa  liubrl  S.C.  a bind  tool*  13.151 
Bltraflon  oaf  30- JO  polo#  Tloooolty  dotoralaol  by  tbo  ooodlUry  tuba  noth  of,  at  TJtD.,  oa  a alxtaro  a f 
lot  >.C.,  lflt  otbyl  alaobal  ood  (9  a eat  oao,  by  at.  ablab  baa  baaa  olood  by  Si  two  rolling  la  a oaltabla 
owtalaor.  Itaao  to  ooaolfor  ro»NUc  aoo  oapaad  al«bt  Jnelafoi  lta  oatoblllty,  olfatta  m tio 
■tataya  by  ago,  boot,  llgit,  onf  ooloturo.  Dooa  It  aoyarata  or  aryaulllaat  Oaoa  it  fora  bWbloo  by 
dooeapaoltloaf  Oooo  tbo  alxtaro  abrlak  oa  otonfl*f  baaa  tbo  ooof  oil  offbot  flaalblUty  or  jitotlllty 
of  tbo  attroaollalooat 
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•P U/M 


OsAar  ayUblltb  eo  are  eonalriarlnf  IK*  ability  of  tao  eawawla  to  ba  la  IntlaaU  coetaet  (Iota 
OM®  5?5*  p.  >1-2})  orer  a las#  perlaS  of  tins  a 1th oat  advert#  affaota  on  althar  tha  ehaalcal  or  physical 
nrooarties  of  althar  aatarlal,  Thaaa  taata  a 111  probably  ba  of  rarlad  axtaat.  Thy  might  ba  tern*  of 
tha  folloalagi  (a)  Standard  stability  taata.  (b)  Slasla  abaaraatloaa  of  axadatf  oa  or  aaparatl oa  at 
a ablest  ar  aceelsretnd  tamoaratnra.  (e)  frapan  thin  abaata  (.039*  thlrk,  1"  a^uara)  of  tha  plaatlelaad 
aatarlal.  Sa  pa  rata  tha  ahaata  alth  atrloa  of  eljprett#  pa  par  or  carbon  paper  and  eonpraes  tha  a task  la 
a clamp.  After  aoaaral  daya  aota  tha  oily  collectlun  on  tha  oapar.  flea as  five  refertnes  to  or 

describe  orooedure  used.  I tan  Jt  la  to  Indicate  raaulta  ahsn  tha  compound  la  In  contact  alth  a can  notari- 
al other  than  ethyl  aalluloaa,  nitrocellulose  or  rubber. 


Com  potability  with  ethyl  cellulose: 


M.  Coso  potability  with  nitrocellulose: 


rt.  Cosapatabillty  with 


It.  Cosapatabillty  with 


ttsXPr°^*  tospowi 

(b)  la  sfatwas  Mth  aAdltlesa)  ~ ' 

(c;  Iahibltlag  actloa  as  polymerisation  of: 

Thiofeol  

Methacrylate 
Other  compounds 

Availability 

i:  sssraar^igsi^ 

c.  A Boost  prepsrsd  at  that  Haas?  

4.  Ia  large  production  feasible? 

e.  Pfauit  capacity  la  eel  eta  sea,  Ms /day  9 

t.  Ostlise  steps  for  a qosstlty  production  mat 
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